ABSTRACT
We have measured the cross section for Reactions (1), (2) , and (3) for antiprotons of 1.61±. 03 Bev/c. Reaction (4) is difficult to observe alone, but some measurements of the charge-exchange cross section have included this reaction. The details of the beam used in this experiment are given in another 1 paper.
Because many antiprotons annihilate into two charged pions plus several neutral pions (p+p-rr+ +rr-+nrr 0 ), it is extremely difficult to identify unambiguously Reactions (1), (2) and (3) from a random sample of two-prong ' · events. Therefore in order to study Reactions (1) and ( 2) we have analyzed
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/ UCRL-9673 only those events in which the negative secondary produces a four-or a sixprong event. One of these connected events is shown in Fig. 1 . A six-prong secondary event is nearly certain to be an annihilation of an antiproton. Since almost all secondary four-prong events produced by pions can have at most one associated neutral pion, they can be identified by kinematic analysis.
In a total of 21,000 antiproton interactions in the 72-inch hydrogen and 1 which fitted either reaction.
The remaining 13 events were either elastic scatterings of antiprotons or pion interactions. In all subsequent statements we will treat the one ambigous event as if it were one-half Reaction ( 1) and one-half Reaction ( 2).
In order to study Reaction ( 3 ), we analyzed the 81 two-prong events which were possible associated with three-, five-, or seven-prong stars.
Many of these stars were found not to be associated with any visible interaction. Many others were associated with a zero-prong event in the same frame and were produced by antineutrons from the reaction p + p ..... n + n.
\
Careful kinematic analysis showed that only 19 of these events were the re-
To calculate the cross section of the inelastic processe's from these events with secondary annihilations it was necessary to assign a weight to UCRL-9673 each event. This weight was equal to the reciprocal of the average probability that the antinucleon from such an event would produce an annihilation with more than two charged prongs in the 7 2-inch chamber. For an antiproton with a momentum equal to the beam momentum. in. this experiment, the calculation of this probability is straightfo:rwa:rd '_because we have measured the fraction of antiproton interactions that are four-or six-prong events. To
extend this to all energies we used the measured total p-p cross sections for Reactions ( l) and ( 2), and for Reaction ( 3) we used the measured p-n cross section, 4 assuming on the basis of charge independence that this is equal to the n-p cross section. We took the annihilation cross section to be 
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If ,either the isobaric model 5 or the statistical model 6 is assumed, the cross sections for Reactions ( 1) and (4) are equal. On the basis of the assumption that they are indeed equal, the 'total inelastic cross section is CJ' . 1 = 5.3± 1 mb. 1ne.
It is interesting to note that this value is small compared with the nucleonnucleon inelastic cross sections. These cross sections 7 are 21± 1 mb for the sum of the proton-proton inelastic reactions and 21± 4 mb for the sum of the neutron-proton inelastic reaction at this energy.
The sum of the inelastic plus the annihilation cross sections at this 3 energy has been measured as 56± 2mb. Therefore the annihilation cross section is 51±3 mb.
Partly as a check on this method of measuring cross sections, 'we calculated the differential elastic eros s section from the elastic events in this I sample of connected events. In about 70o/o of these elastic events the recoil proton stopped in the chamber, and the scanning-table measurement of its range gave a determination of the center-of-mass angle to a precision of less than 1 deg. For those events in which the proton did not stop in the chamber, the accuracy of the center-of-mass angle determination was about 3 deg. Figure 2 shows how these measurements agree with previous measurements ofJthe e.1a'strc·-es;cattering differential eros s section in the forward diffraction peak at this energy. In addition to these events in the forward peak, there were 10 events with center-:-of-mass angles fairly evenly distributed between 50 and 152 deg, and there were five events in the far backward region with center-of-mass angle greater than 152 deg, where the antiproton has such a low energy that it usually stops inside the chamber. The partial cross sections for these regions are the predictions of C and CP, which is that there will be symmetry about the diagonal line at which the proton and antiproton have the same energy.
The final states in Reactions (2) and (3) are charge conjugates of each other. Pais has shown 11 that CP conservation predicts
and that CR conservation predicts _ In this anlaysis any two of the three particles could have been used. Therefore the predi-ction W(fJ +) = W(1r-() -)is also made by C and CP. 7r 7r
We have already seen that the two cross sections are in agreement as predicted. Figure 6 is a Dalitz plot of these two reactions. A good many more events have a·.high-energy 1r + than have a high-energy "IT-. However, the difference between the two distributions does not seem to be statistically significant. Figures 7, 8, and 9 show the angular distributions of all the UCRL-9673 products of these reactions. The symmetries prediCted by C and CR are observed.
In all the above tests the predictions of C and CP are identical. It is in the distribution in the angle <1> that these predictions differ. Figure 10 shows the <j>= and the <1> -distributions. The prediction of C is that the pn pn two distributions should be reflections of each other. Within the statistics the data are in agreement with each of these predictions. Although these statistics do not make possible a very accurate test of charge conjugation, the results do illustrate a method for testing this symmetry principle in strong interactions. 
Interpretation of the Results
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A bubble chamber picture of one of the p + p-p + n +'IT events with the antiproton subs equ erttl y annihilating. ... This report was prepared as an account of Government sponsored work.
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